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ABSTRACTED- PUB-NO : EP 516379A 
BASIC- ABSTRACT: 

A ring oscillator (1) is formed from inverters (lla-llo) connected in series. Each 
inverter is capable of controlling its delay period. A frequency control circuit 
(2) controls the oscillation frequency of the ring oscillator to correspond to a 
reference frequency. 

A switch (3) selects specified output taps (101-115) of the ring oscillator. One 
output tap is provided for each of the inverters. A switching control circuit 
controls the selector switch (3) such that the output taps from which the output is 
taken are switched cyclically. 

ADVANTAGE - Frequency of output signal may be changed finely. Generates output of 
much smaller phase pitch than oscillation cycle of ring oscillator. 
ABSTRACTED- PUB-NO : 

EP 516379B 

EQUIVALENT- ABSTRACTS : 

A digital VCO comprising: a ring oscillator (1) formed of a plurality of inverters 
(11a,... llo) connected in series, the delay amount of each inverter (11a,... llo) 
being controllable; a frequency control circuit (2) for controlling the delay 
amount of the inverters (11a,... llo) to control the oscillation frequency of said 
ring oscillator (1) to correspond to a reference frequency; a selector switch (3) 
for selecting specified output taps from output taps (101,... 115) of the ring 
oscillator (1), one output tap (101,... 115) being provided for each of said 
inverters ( 11a, . . . llo) , to take the output therefrom; and switching control means 
(4) for controlling said selector switch (3); characterised in that the switching 
control means (4) is arranged to control the selector switch (3) such that the 
output taps from which the output is 1 taken are switched cyclically. 

US 5233316A 

The digital VCO comprises a ring oscillator including a number of inverters 
connected in series, each inverter having a controllable delay, and a number of 
output taps coupled to respective inverters to derive outputs from. A frequency 
controlling circuit is coupled to the ring oscillator for controlling the 
oscillation frequency of the ring oscillator to be in synchronisation with a 
reference frequency. 

A selector switch selects predetermined output taps to be coupled to an output from 
which a ring oscillator output is derived. A switching controller is coupled to the 
selector switch for determining particular output taps to be selected and 
controlling the selector switch to cyclically switch through a sequence of output 
taps. A latch circuit latches an output from the switching controller in 
synchronism with the ring oscillator output to delay the selector switch from 
switching through the sequence of output taps. 

ADVANTAGE - VCO is capable of changing its output with phase pitch smaller than 
phase pitch corresp. to clock frequency. 
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© Digital voltage-controlled oscillators. 

@ A digital VCO comprises a ring oscillator (1) 
formed of a plurality of inverters (11a ... 11o) 
connected in series, each inverter (11a ... 11o) 
being capable of controlling its delay amount, 
and a frequency control circuit (2) for control- 
ling the oscillation frequency of- the ring oscil- 
lator (1) to correspond to a reference frequency. 
A selector switch (3) is provided for selecting 
specified output taps from output taps (101 ... 
115) of the ring oscillator (1), one output tap 
(101 ... 115) being provided for each of the 
inverters (11a ... 110), to take the output theref- 
rom, and switching control means (4) are pro- 
vided for controlling the selector switch (3) 
such that the output taps from which the output 
is taken are switched cyclically. 
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This invention relates to digital voltage-controlled 
oscillators (VCOs). 

Generally, in a digital VCO, the frequency of the 
original signal is divided down and the signal so ob- 
tained is decoded so that a signal with a required 
phase is obtained. When generating a signal having 
a required phase in this way, the phase which can be 
obtained is given, with the frequency of the original 
signal represented by f 0 and the frequency division 
factor represented by N, by mt/N (n = 0, 1, ... 2N - 1), 
that is 2N phases can be obtained. In the conventional 
VCO, there is the disadvantage that the greater the 
frequency division factor N is, the lower the frequency 
becomes, or the higher the original signal frequency 
should be. Thus, the clock frequency should be in* 
creased in order to decrease the phase pitch of the 
output signal. For this reason, a VCO of the type de- 
scribed has not been applicable, for example, to the 
colour subcarrier signal (3.58 MHz) of an NTSC video 
signal in a television receiver. More specifically, when 
the phase pitch accuracy is to be raised to 1 degree 
(0.78 nS), a frequency of 1/0.78 nS = 1.3 GHz is re- 
quired. Since a clock signal with such an extremely 
high frequency is necessary, the application has been 
difficult to realise. 

When an oscillator circuit using a quartz oscillator 
crystal is used for the VCO in a phase locked loop 
(PLL), since the variable range is as narrow as the ac- 
curacy of the centre frequency, adjustment of the cen- 
tre frequency becomes necessary. On the other hand, 
when an LC oscillation circuit is used for the VCO, 
there is a possibility of the PLL producing pseudo 
lock-in. If the variable range is narrowed in order to 
avoid that possibility, then adjustment of the centre 
frequency becomes necessary for the reason descri- 
bed above. 

According to one aspect of the present invention 
there is provided a digital VCO comprising: 

a ring oscillator formed of a plurality of Inverters 
connected in series, each inverter being capable of 
controlling its delay amount; 

a frequency control circuit for controlling the 
oscillation frequency of said ring oscillator to corre- 
spond to a reference frequency; 

a selector switch for selecting specified output 
taps from output taps of the ring oscillator, one output 
tap being provided for each of said inverters, to take 
the output therefrom; and 

switching control means for controlling said se- 
lector switch such that the output taps from which the 
output is taken are switched cyclically. 

According to another aspect of the present inven- 
tion there is provided a digital VCO comprising a ring_ 
o scillator formed of a plurality of inverters connected 
in series, each inverter being capable of controlling its 
delay amount, a frequency controlling circuit for con- 
trolling the oscillation frequency of t he ring oscillator, 
to coincide with a reference frequency, a selector 



switch for selecting specified output taps from output 
taps, each thereof being provided for each of the plur- 
ality of inverters, to take out the outputs therefrom, 
and switching control means for controlling the output 
5 taps from which the outputs are taken out to be cycli- 
cally switched through the selector switch. 

Embodiments of the present invention provide a 
digital VCO capable of changing its output with a 
phase pitch smaller than the phase pitch correspond- 
w ing to the clock frequency. 

By forming a PLL circuit with a ring oscillator used 
as the VCO and cyclically switching the output taps 
selected from output taps of the ring oscillator for tak- 
ing the outputs therefrom, thereby rotating the phase, 
15 it becomes possible for frequency of the output signal 
to change finely. Thus, an output with a much smaller 
phase pitch than the oscillation cycle of the ring oscil- 
lator can be obtained. 

Digital VCOs embodying the invention are useful 
20 in a variety of applications, in particular in a digital PLL 
in which the ability to change the output with a fine 
phase pitch is required. 

Preferred embodiments of the invention will now 
be described, by way of example, with reference to 
25 the accompanying drawings in which: 

Figure 1 is a block diagram of a first embodiment 
of a digital VCO according to the present inven- 
tion; 

Figure 2 is a block diagram of part of the digital 

30 VCO shown in Figure 1 ; 

Figure 3 is a waveform chart showing the opera- 
tion of the digital VCO shown in Figure 1 ; 
Figure 4 is a block diagram of a switch portion of 
the digital VCO shown in Figure 1; 

35 Figure 5 is an operating waveform chart explain- 
ing a condition in which the phase is delayed In 
the digital VCO shown in Figure 1; 
Figure 6 is a block diagram of part of the digital 
VCO of Figure 1 in which tatch circuits are provid- 

40 ed; 

Figure 7 is an operating waveform chart for the 
case where latch circuits are provided as shown 
in Figure 6; 

Figure 8 is a block diagram of part of a digital VCO 
45 embodying the invention showing the case where 
2-step switching is performed; 
Figure 9 is an operating waveform chart for the 
case where 2-step switching is performed in the 
embodiment shown in Figure 8; and 
so Figure 10 is a block diagram of a further embodi- 
ment of a digital VCO according to the invention. 
Figure 1 shows a block diagram of a first embodi- 
ment of a digital VCO according to the present inven- 
tion. The digital VCO comprises a ring oscillator 1, a 
55 ring oscillation controlling PLL 2, a selector switch 3, 
and a switching control circuit 4. 

The ring oscillator 1 is provided with 15 output 
taps 101 to 115 as shown in the block diagram of the 
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main portion of the digital VCO shown in Figure 2. Of 
the taps 101 to 115, the taps from which the output 
signal is taken are cyclically switched by the selector 
switch 3 so that the frequency of the output signal Vp 
is changed. s 

The ring oscillation controlling PLL 2 comprises a 
reference frequency oscillator 5, a phase comparison 
charge pump 6, and a low-pass filter 7. The reference 
frequency oscillator 5 is formed of a VCO using a 
quartz oscillator and accurately generates the refer- io 
ence frequency for the ring oscillator 1. 

The oscillating output signal Sv of the reference 
frequency oscillator 5 is supplied to the phase com- 
parison charge pump 6. The phase comparison 
charge pump 6 receives a fixed output signal Vf of the 15 
ring oscillator 1 through a buffer amplifier 10. in this 
phase comparison charge pump 6, the oscillating out- 
put signal Sv and the fixed phase output signal Vf are 
compared for phase. 

The phase difference between the signals detect- 20 
ed by the phase comparison charge pump 6 is sup- 
plied to the low-pass filter 7 and a control voltage Vc 
is generated therein. The control voltage Vc is sup- 
plied to each of the inverter circuits 1 1 a to 1 1 o forming 
the ring oscillator 1. 25 

The inverter circuits 1 1 a to 1 1 o are each arranged 
to serve as an inverter for controlling the delay amount 
depending on the value of the control voltage Vc sup- 
plied thereto. Accordingly, even rf there is a phase dif- 
ference present, this can be cancelled by means of 30 
the control voltage Vc, and the reference oscillation 
frequency of the ring oscillator 1 1s thereby controlled 
to coincide accurately with the oscillation frequency of 
the reference frequency oscillator 5 using the quartz 
oscillator. A buffer circuit 9 is provided between each 35 
of the output terminals of the inverter circuits 11a to 
1 1 0 and the output taps 1 01 to 1 1 5, whereby the out- 
put of the ring oscillator is taken from each of the out- 
put taps 101 to 115 through the associated buffer cir- 
cuit 9. 40 

The switching control circuit 4 is provided for cy- 
clically switching the taps selected from the output 
taps 101 to 1 15 of the ring oscillator 1 from which the 
output is taken so that the frequency of the output sig- 
nal may be changed. In this embodiment, it is formed 45 
of a rate multiplier 12, a frequency divider 13, an up/ 
down (U/D) counter 14, and a decoder 15. 

The rate multiplier 12 is a counter In which the ra- 
tio of the number of pulses of an output pulse Z to the 
number of pulses of the input clock pulse CK1 is de- so 
termined in proportion to a preprogrammed rate input 
S| N . The rate input S iN is given for example in 7 bits. 
Hence, up to 128 different outputs Z can be set up. 

The intervals of pulses of the output pulse train of 
the above described output Z are not always equal by 55 
reason of the internal circuit configuration of the rate 
multiplier 12. In order to equalise the pulse Intervals 
of the output pulse train, the frequency of the dock 



pulse CK1 is previously multiplied by M and the output 
Z is arranged to be divided down to 1/M by the fre- 
quency divider 13. The clock pulse CK2, having un- 
dergone frequency division by M in the frequency div- 
ider 13, is supplied to the decoder 1 5 through the U/D 
counter 14, which is a modufo-15 counter. 

The digital VCO described above operates in the 
following way. Suppose that the switch for the tap 101 
of the 15 output taps 101 to 115 is now ON. At this 
time, a signal of the same waveform as the waveform 
on the output terminal 101 appears as the output sig- 
nal VP as shown In the operating waveform chart of 
Figure 3. 

Then, if the output tap 101 is switched to the out- 
put tap 103 at the time (a) indicated in Figure 3, the 
waveform of the output signal Vp will change to that 
indicated by the dotted line (A) in Figure 3. 

Further, if the output tap is switched from 103 to 
105 at the time (b), the waveform will then change to 
that indicated by the dotted line (B) in Figure 3. 

By rotating the taps from which the output is taken 
as described above, the frequency of the output signal 
Vp is changed from the frequency 1/tl before the 
switch selection was performed to 1/t2. which is a low- 
er frequency than before. The amount of the change 
in frequency is determined by how frequently the 
switching is effected. When the direction of switching 
of the tape is reversed, the frequency can be in- 
creased. 

The above- described change in frequency will be 
described below using numerical expressions. First, 
the frequency f 2 of the output Z of the rate multiplier 
12 Is given by 

f z = N/128f CK1 (1) 
where N represents a 7-bit input value and f CK1 repre- 
sents the clock frequency. 

Accordingly, the dock frequency f C K2 input to the 
U/D counter 14 will be expressed as 

few = N/128MfoK, (2) 
where M represents the frequency division factor, if 
the difference in the frequency of the output signal Vp 
is represented by Af vpt the same will be expressed as 

Afvp = N/128Mf C KiWtpCH (3) 
where f RO sc represents the oscillation frequency of 
the ring oscillator 1 and tp CH represents the phase 
pitch of the VCO, which Is a pitch twice as large as the 
phase difference tp, in Figure 3. Incidentally, because 
the ring oscillator 1 is a 15~stage ring oscillator, the 
phase pitch is given by 

tpCH = 1/05W) (4) 

Since f C Ki. fRosc Vch. and M are all constants, the 
digital VCO of the first embodiment shown in Figure 
1 provides a frequency change in proportion to the in- 
put 7-bit value N. 

In the configuration of Figure 1, though the fre- 
quency divider 1 3 is disposed in the stage subsequent 
to the rate multiplier 12, this order may be reversed to 
provide the output f^ of the same frequency. Mow- 
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ever, since intervals of the output pulses of the rate 
multiplier 12 are not equal as described above, it is 
better to arrange the frequency divider 1 3 to follow the 
rate multiplier 1 2 because the degree of the inequality 
of intervals is thereby remedied. 

The digital VCO of this embodiment is arranged 
to provide a fine phase pitch through the operation de- 
scribed above. However, when the digital VCO is ac- 
tually operated, the timing of switching can be a trou- 
blesome problem. 

For example, when switching is made in the direc- 
tion to delay the phase as shown in the block diagram 
of Figure 4 and the operating waveform chart of Figure 
5, a spike 16 sometimes appears in the output signal 
Vp when the output is switched from the tap 1 01 to the 
tap 103. Existence of such a spike 16 invotves a risk 
of erroneous inversion of the flip-flop constituting a 
frequency dividing circuit provided in the following 
stage. This is therefore a serious problem. 

In order to prevent such a spike 1 6 from being 
produced, favourable results are obtained by provid- 
ing a first latch circuit 17 and a second latch circuit 16 
as shown in the block diagram of Figure 6. 

By the provision of the first latch circuit 17, even 
if an input for switching the output from the tap 101 to 
the tap 103 is given at the time indicated by the arrow 
(C) in the operating waveform chart of Figure 7, 
switching is actually effected at the time (D), a prede- 
termined time delay (dly) after the inversion of the sig- 
nal of the output tap 101. Therefore, In the configura- 
tion of Figure 6, production of the spike 1 6 as shown 
in Figure 5 can be prevented. The second latch circuit 
1 8 is provided for preventing the first latch circuit 1 7 
from operating at a turn of the output of the decoder 
15, whereby time for the first latch circuit 17 to stabil- 
ise Its latch operation is provided. 

A second embodiment of the invention will now be 
described with reference to Figures 8 to 10. Although 
a method in which the phase pitch is changed one 
step at a time, ie the phase pitch is changed by an 
amount corresponding to two inverters at a time, was 
described above, the phase pitch can be changed two 
steps or more at a time as shown in the block diagram 
of the main portion of a digital VCO of Figure 8 and the 
operating waveform chart of Figure 9. Figure 9 shows 
the case where switching is made three steps at a 
time from the output tap 101 to the output tap 107. 

In the case where the switching is performed as 
described above in plural steps, ie two steps or more, 
at a time it is preferable to use an adder 20 and a latch 
circuit 21 as the switching control circuit 4 as shown 
in the block diagram of Figure 1 0. The adder 20 is pro- 
vided with two inputs, of which one is supplied with a 
fixed value and the other is supplied with a value S A 
as an addend. The addend S A is a value obtained by 
A/D conversion of an error voltage of the PLL, such 
as ... -1, 0, +1, +2, .... In the case of the embodiment 
shown in Figure 10, the frequency of the output signal 



Vp is varied by both the value of the addend S A and 
the frequency of a clock CK3 supplied to the latch cir- 
cuit 21. 

In a conventional digital VCO using a programma- 
5 ble divide-by-n counter, the phase pitch can only be 
reduced to an amount comparable with the period of 
the clock pulse. Since the digital VCO embodying the 
invention uses a ring oscillator 1 as described above 
and is arranged such that the output taps are cyclical- 
io ly switched, the output can be varied in a smaller 
phase pitch than that of the conventional digital VCO 
(for example, in 1/1 5 of the pitch). 

Further, by causing the oscillation frequency of 
the ring oscillator 1 to lock onto the reference frequen- 
ts cy of a quartz oscillator or the like, the centre frequen- 
cy can be accurately held. Furthermore, since a much 
wider variable range can be obtained as compared 
with the generally used VCXO, a non-adjustment sys- 
tem can be easily achieved. Therefore, when PLL cir- 
20 cuits are constructed with all such circuits as phase 
comparators and LPFs (lag/lead filters) controlled dig- 
itally to meet the expected increase in demands for 
digital signal processing circuits, embodiments of the 
present invention are suitable for use as digitally con- 
25 trollable VCOs. 

In the embodiments of the present invention de- 
scribed above, the PLL circuit is constructed with the 
ring oscillator used as the VCO and the taps selected 
from the output taps of the ring oscillator to take the 
30 output therefrom are cyclically switched, thereby to 
rotate the phase. Therefore, the frequency of the sig- 
nal taken out of the ring oscillator can be varied finely. 
Accordingly, it is possible to obtain an output with a 
much smaller phase pitch than the oscillation frequen- 
35 cy of the ring oscillator and to provide a digital VCO 
having a fine phase pitch without using a higher fre- 
quency clock signal. Thus, it is possible to realise a 
PLL which is kept in phase accurately and to obtain 
an output with accurate phase while using the same 
40 design rules and kinds of transistors. 



Claims 

45 1. A digital VCO comprising: 

a ring oscillator (1) formed of a plurality of 
inverters (11a ... 11o) connected in series, each 
inverter (11a ... 1 1o) being capable of controlling 
its delay amount; 
50 a frequency control circuit (2) for control- 

ling the oscillation frequency of said ring oscillator 
(1) to correspond to a reference frequency; 

a selector switch (3) for selecting specified 
output taps from output taps (101 ... 115) of the 
55 ring oscillator (1), one output tap (101 ... 115)be- 

ing provided for each of said inverters (11a ... 
1 1o). to take the output therefrom; and 

switching control means (4) for controlling 
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said selector switch (3) such that the output taps 
from which the output is taken are switched cycli- 
cally. 

2. A digital VCO according to claim 1 , wherein said 5 
switching control means (4) comprises a rate mul- 
tiplier (12), a frequency divider (13), an up/down 
counter (14), and a decoder (15). 

3. A digital VCO according to claim 1 , wherein said w 
switching control means comprises an adder 
(20), a latch circuit (21), and a decoder (15). 

4. A digital VCO according to any preceding claim, 
comprising a latch circuit (1 7) operative to latch is 
an output of the decoder (15) in synchronism with 

the output of said ring oscillator (1) so that an un- 
wanted pulse is prevented from being produced 
in the output signal. 

20 
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